These remarks should not be misinterpreted. Important and significant research on CAL is being conducted in many laboratories around the country, but certainly not as much as one is led to believe by the attendant publicity. The problem for someone trying to evaluate developments in the field is to distinguish between those reports that are based on fact and those that are disguised forms of science fiction. In my talk today, I shall try to stay very close to data and actual experience. My claims will be less grand than many that have been made for CAL, but they will be based on a substantial research efforto lInvited address presented at meetings of the American Psychological Association, Washington, D.C., September, 1967 . Today I would like to report on the progress of the reading program with particular reference to the past school year when for the first time a sizable group of children received a major portion of their daily reading instruction under computer control. The first year's operation must be considered essentially as an extended debugging of both the computer system and the curriculum materials. Nevertheless, some interesting comments can be made on the basis of this experience regarding both the feasibility of CAl and the impact of such instruction on the overall learning process.
Before describing the Stanford Project, a few general remarks may help place it in proper perspective. Three levels of CAl can be defined. Discrimination between levels is based not on hardware considerations, but principally on the complexity and sophistication of the student-system
interaction. An advanced student-system interaction may be achieved with a simple teletype terminal and the most primitive interaction may require 2 some highly sophisticated computer programming and elaborate student terminal devices.
At the simplest interactional level are those systems that present a fixed, linear sequence of problems. Student errors may be corrected in a variety of ways, but no real-time decisions are made for modifying the flow of instructional material as a function of the student's response history. Such sy'Stems have been termed "d:rill-and-practice" systems and at Stardord University are exemplified by a series of fourth, fifth and sixth grade programs in arithmetic and language arts that are designed to supplement classroom instruction. These particular programs are being useed in several different areas of California and also in Kentucky and Mississippi, all under control of one central computer located at Stanford University. Currently as many as 2000 students are being run per day'} it requires little imagination to see how such a system could be extended to cover the entire country. Unfortunately, I do not have time to discuss these drill-and,·practice programs today, but there are several recent reports describing the research (Suppes, 1966; Suppes, Jerman, and Groen, 1966; Fishman, Keller, and Atkinsonn, 1967) , At the other extreme of oUT scale characterizing student-system interactions are "dialogue" programs. Such programs are under investigation at several universities and industrial concerns, but to date progress has been extremely limited. The goal of the dialogue approach is to provide the richest possible student-system interaction where the student is free to construct natural-language responses, ask questions in an unrestricted mode, and in general exercise almost complete control over the sequence of learning events.
is this level of student-system interaction that I want to talk about today.
The Stanford CAl System
The Stanford Tutorial System was developed under a contract between Stanford .university and the IBM Corporation. Subsequent developments by IBM of the basic system have led to what has been designated the IBM-1500
Instructional System which should soon be commercially available. The basic system consists of a central process computer with accompanying discstorage units, proctor stations, and an interphase to 16 student terminals.
The central process computer acts as an intermediary between each student and his particular course material which is stored in one of the discstorage units. A student terminal consists of a picture projector, a cathode ray tube (CRT), a light-pen, a modified typewriter keyboard, and an audio system which can play pre-recorded messages. 
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The CRT is essentially a television screen on which alpha-numeric characters and a limited set of graphics (i,e" simple line drawings) can be generated under computer control. The film projector is a rear-view projection device which permits us to display still pictures in black and white or color. Each film strip is stored in a self-threading cartridge and contains over 1000 images which may be accessed very quickly under computer control, The student receives audio messages via a high-speed device capable of selecting any number of messages varying in length from a few seconds to over 15 minutes, The audio messages are stored in tape cartridges which contain approximately two hours of messages and, like the film cartridge, may be changed very quickly, To gain the student's attention, an arrow can be placed at any point on the CRT and moved in synchronization with an audio message to emphasize given words or phrases, much like the "bouncing ball" in a singing cartoon,
The major response device used in the reading program is the light pen, which is simply a light-sensitive probe. When the light pen is placed on the CRT, coordinates of the position touched are sensed as a response and recorded by the computer. Responses may also be entered into the system through the typewriter keyboard. However, only limited use has been made of this response mode in the reading program. This is not to minimize the value of keyboard responses, but rather to admit that we have not as yet addressed ourselves to the problem of teaching first-grade children to handle a typewriter keyboard, The CAl System controls the fl<!lw of information and the input of student responses .according to the instructional logic built into the curriculum, The sequence of events is roughly as follows: The computer assembles 6 the necessary commands for a given instructional sequence from a discstorage unit. The commands involve directions to the terminal device to display a given sequence of symbols on the CRT, to present a particular image on the film projector, and to playa specific audio message. After the appropriate visual and auditory materials have been presented, a "ready' signal indicates to the student that a response is expected. Once a response has been entered, it is evaluated and, on the basis of this evaluation and the student's past history, the computer makes a decision as to what materials will subsequently be presented. The time-sharing nature of the system allows us to handle 16 students simultaneously and to cycle through these evaluative steps so rapidly that from a student's viewpoint it appears that he is getting immediate attention from the computer whenever he inputs a response.
The CAr Reading Curriculum
The flexibility offered by this computer system is of value only if the curriculum materials make sense both in terms of the logical organization of the subject matter and the psychology of the learning processes involved. Time does not permit a discussion of the rationale behind the curriculum materials that we have developed. Let me simply say that our approach to initial reading can be characterized as applied psycholinguistics. Hypotheses about the reading process and the nature of learning to read have been formulated on the basis of linguistic information, observations of language use, and an analysis of the function of the written code. These hypotheses have been tested in a series of pilot studies structured to simulate actual teaching situations. On the basis of these experimental findings, the hypotheses have been modified, retested, and ultimately incorporated into the curriculum as principles dictating the format and flow of the instructional sequence. Of course, this statement is somewhat of an idealization, since very little curriculum material can be said to have been the perfect end-product of rigorous empirical evaluation. We would claim, however, that the fundamental tenets of the Stanford reading program have been formulated and modified on the basis of considerable empirical evidence. There is no doubt that these will be further modified as more data accumulates.
The instructional materials are divided into eight levels each com-2 posed of about 32 lessons.
The lessons are designed so that the average student will complete one in approximately 30 minutes, but this can vary greatly with the fast student finishing much sooner and the slow student sometimes taking two hours or more if he hits most of the remedial material.
Within a lesson, the various instructional tasks can be divided into three Finally, many different types of games are sequenced into the lessons primarily to encourage continued attention to the materials.
2For a detailed account of the curriculum materials see Rodgers (1967) and Wilson and Atkinson (1967) . See also Atkinson (1967) , Atkinson and Hansen (1966) and Hansen and Rodgers (1965) .
8
The games are similar to those played in the classroom and are structured to evaluate the developing reading skills of the child.
To give you some feel for the instructional materials, let me describe one of the decoding tasks. This task which goes by the title "matrix construction" provides practice in learning to associate orthographically similar sequences with appropriate rhyme and alliteration patterns. A simple example will illustrate some of the complexities of the coding problem. The example is from a task designed to teach both letter discrimination and the meaning of words. A picture illustrating the word being taught is presented on the projector screen. Three words, including the word illustrated, are presented on the CRT. A message is played on , the audio system asking the child to touch the word on the CRT that matches the picture on the film projector. The student can then make his response using the light pen, If he makes no response within the specified time limit of 30 seconds, he is told the correct answer, an arrow points to it, and he is asked to touch it. If he makes a response within the time limit, the point that he touches is compared by the computer with the correctanswer areao If he places the light pen within the correct area, he is told that he was correct and goes on to the next problemo If the response was not in the correct area, it is compared with the area defined as a wrong answero If his response is within this area, he is told that it is wrong, given the correct answer, and asked to touch ito If his initial response was neither in the anticipated wrong-answer area nor in the correct-answer area,. then the student has made an undefined answer. He is given the same message that he would have heard had he touched a defined wrong answer; however, the response is recorded on the data record as undefinedo The student tries again until he makes the correct response; he then goes on to the next problemo
To prepare an instructional sequence of this sort, the programmer must write a detailed list of commands for the computer 0 He must also record on an audio tape all the messages the student might hear during the lesson in approximately the order in which they will occuro Each audio message has an address on the tape and will be called for and played when appropriate.
Similarly a film strip is prepared with one frame for each picture required in the lessono Each frame has an address and can be called for in any o~der. Add: Adds one to the overtime counter (C4).
Loads one into the error switch (81).
Plays message Ao4. "The word that goes with the picture is bag. Touch and say. bag."
Displays arrow on line 7, column 16 (arrow pointing at lIbagTl).
Branch: Branches to command labeled 11. The computer will now do that command and continue from that point.
Correct Answer: Compares student's response with an area one line high starting on line 7 and three columns wide starting in column 18 of the CRT. If his response falls within this area, it will be recorded in the data with the answer identifier Cl. When a correct answer has been made, the commands from here dovm to WA (wrong answer comparison) are executed. Then the program jumps ahead to the next~. If the response does not fall in the correct area, the machine skips from this command down to the WA command.
Branches to command labeled 12 if the error switch (81) The command to.. call a macro is CM and PW is an arbitrery two-character code for the macro involving a picture-to-word match. Notice that in problem 2 there is no introductory audio message; the "ll" indicates that this parameter is not, to be filled in.
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Compares response with correct answer area.
Adds one to the initial correct answer counter unless the error switch (81) shows that an error has been made for this problem. The student is told he is correct and goes on to the nextproblem,. These cOllllllands are executed only if a correct answer haa been made. Compare response with defined wrong answer.
Light-pen is activated.
These c_ds are done only it' no response is made in the time limit of 30 seconds. Otherwise, the machine skips to the CA Adds one to the undefined anawer counter (C3).
Branches to cOllllllB.nd labeled L3. (The ssme thing should be done for both 'UN and WA answers. This branch saves repeating the cOllllllands from L3 down to 1JN.} Prepares the machine for nelCt p:roblem. These cOllmlands prepare the display for the 2nd problem. Notice the new film position and new words displayed. The student was told to "do the 'next one" when he ,finished the last problem so he needs no audio message to begin this., Adds one to' the defined wrong answer area and the error switch (8l) is loaded with one to show that an error has been made on this problem. The student is told he is wrong and shown the correct answer and asked to touch' it. These commands are executed only if a defined wrong. answer has been made. While a student is on the system, he may complete as many as 5 to 10 problems of this type per minute. Obviously, if all of the instructional material has to be coded in this detail the task would be virtually impossible. Fortunately, there are ways of simplifying the coding procedure if parts of the instructional materials are alike in format and differ only in certain specified ways. For example, the two problems presented in Table 2 differ only in 1) the film display, 2) the words presented on the CRT, 3) the problem identifier for the student's data record, 4) the three audio messages, 5) the row display of the arrow, 6) the correctanswer area, and 7) the correct-answer identifier. This string of code can be defined once, given a two-letter name, and used later by giving a one-line macro command.
The use of macros cuts down greatly the effort required to present many different but basically similar problems. 'For example, the two problems presented in Table 2 can be rewritten in macro format using only two lines of code: The command to call a macro is CM and PW is an arbitrary two-character code for the macro involving a picture-to-word match. Notice that in problem 2 there is no introductory audio message; the "]]" indicates that this
The second advantag~:isinbrease.:in parameter is not to be filled in.
The ma:g~;;P!.C §.paJjllit:WliO;f,. triO .13ource language,.!)"", two distinct advan-
. As indicated in Table 2 , a bank of switches and counters are defined in the computer that can be used to keep a running record on each student.
There are a sufficient number of these registers so that quite sophisti- Within the lesson material there is a central core of problems which we have termed main-line problems, These are problems over which each student must exhibit mastery in one form or another, Main-line problems may be branched around by successfully passing certain screening tests or they may be met and successfully solved, or they may be met with incorrect responses in which case the student is branched to remedial material.
The first year of the project ended with a difference between the fastest and slowest student of over 4000 main-line problems completed, The cumulative response curves for the fastest, median and slowest students are given in Figure 5 . Also of interest is the rate of progress during the course of the year, Figure 6 presents the cumulative number of problems completed per hour on a month-by-month basis again for the fastest, median and slowest student, It is interesting to note that the rate measure was essentially constant over time for the median and slow students, but showed a steady increase for the fast student. Whether this last result is unique to our particular curriculum, or will characterize CAl programs in general needs to be checked out in future research,
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Sex differences however might be a factor in accuracy of performance.
To test this notion the final accuracy scores on four standard problem types were examined. The four problem types, which are representative of the entire curriculum, were Letter Identification, Word List Learning, Matrix Construction, and Sentence Comprehension. On these four tasks, the only difference between boys and girls that was statistically significant at the 0.05 level was for word-list learning. These results, while by no means definitive, do lend support to the notion that when students are removed from the normal classroom environment and placed on a CAl program, boys perform as well as girls in overall rate of progress. The results also suggest that in a CAl environment the sex difference is minimized in proportion to the emphasis on analysis rather than rote memorization in the learning task. The one problem type where the girls achieved significantly higher scores than the boys, word-list learning, is essentially a paired-associate learning task.
As noted earlier, the first-graders in our school were divided into two groups. Half of them received reading instruction from the CAl system; the other half did not (they received mathematics instruction instead).
Both groups were tested extensively using conventional instruments before the project began and again near the end of the school year. The two groups were not significantly different at the start of the year. Table 3 presents the results for some of the tests that were administered at the end of the year. As inspection of the be noted that at least some of the factors that might result in a "Hawthorne Phenomenon" are not present here; the" control" group was exposed to CAl experience in their mathematics instruction. While that may leave room for some effects in their reading, it does remove the chief objection, since these students also had reason to feel that special attention was being given to them. It is of interest to note that the average Stanford-Binet I.Q. score for these students (both experimental and control) is 89. While considerable variation exists, these are, by and large, not exceptional or gifted children. 3
Owing to systems and hardware difficulties, our program was not in full operation until late in November of 1966. Initially, students were given a relatively brief period of time per day on the terminals. This period was increased to 20 minutes after the first six weeks; in the last , month we allowed students to stay on the terminal 30 to 35 minutes. We wished to find out how well first-grade students would adapt to such long periods of time. They adapt quite well, and next year we plan to use 30-minute periods for all students throughout the year. This may seem like a long session for a first-grader, but our observations suggest that their span of attention is well over a half hour if the instructional sequence is dynamic and responsive to their inputs. This year's students had a relatively small number of total hours on the system. We hope that by beginning in the early fall and using half-hour periods, we will be able to give each student at least 80 to 90 hours on the terminals next year.
1More details on these and other analyses may be found in Wilson and Atkinson (1967) . I do not have time to discuss the social. psychological effects of introducing CAl into an actual school setting. There is a report on this topic, however, and it is fair to say in summary that the students, teach· ers, and parents were quite favorable to the program (Atkinson, 1967 ).
Nor will time permit a discussion of some of the more interesting data dealing with the evaluation of various optimization routines that were used in this year's program. In some cases, these optimization procedures were based on sophisticated mathematical models of the learning processes involved, and yielded complex decision procedures that could only be implemented using a computer. In other parts of the curriculum we selected procedures that were not based on learning· theoretic considerations, but were simply our best guess as to what we thought might be an optimal policy for making branching decisions among instructional materials.
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Analyses of the data on optimal learning sequences have been informative and have suggested a number of experiments that need to be carried out this year. It is my hope that such analyses, combined with the potential for educational research under the highly controlled conditions offered by CAl, will lay the groundwork for a theory of instruction that is truly useful to the educator. Such a theory of instruction will have to be based on a highly structured model of the learning process, and must generate optimization strategies that are compatible with the goals of education. The development of a viable theory of instruction is a major scientific undertaking, but one that cannot be ignored much lOnger by psychologists. Substantial progress in this direction could well be one of psychology's most important contributions to society.
4The learning models and optimization methods that underlie much of the CAl reading program are discussed in Atkinson and Shiffrin (1968) , Atkinson, Bower and CrOthers (1965) and Groen and Atkinson (1966) .
